Background: This study describes the cross sectional and longitudinal data of endodontic and periapical status of new patients presenting to a major dental hospital, and assesses the relationships between tooth-related variables with apical periodontitis. Methods: The records of 695 patients were randomly selected and the orthopantomograms of these patients up to 31 October 2014 were reviewed by two endodontists. The periapical status of teeth was recorded using the periapical index. The presence and quality of root fillings and coronal restorations were recorded. Statistical analysis included Fleiss' kappa, Cohen's kappa and logistic regression set at P < 0.05. Results: Of 695 patient records and 16 936 teeth examined, 138 (19.9%) patients or 284 (1.7%) teeth had root fillings and 179 (25.8%) patients or 325 (1.9%) teeth had apical periodontitis. Root fillings and coronal restorations were adequate in 34.6% and 69.4% teeth, respectively. A large proportion (47%) of teeth with apical periodontitis remained unchanged in subsequent orthopantomograms. Conclusions: There was lower prevalence of root filled teeth or apical periodontitis in the present study compared with international studies. The frequency of adequate root fillings must be considered unacceptably low. Teeth with apical periodontitis may remain quiescent in the absence of caries or restorative breakdown.
INTRODUCTION
Cross sectional studies are informative regarding the distribution and prevalence of disease in a population and the risk indicators associated with disease. 1 On the other hand, repeated cross sectional and longitudinal studies provide a temporal perspective of the endodontic and periapical changes in a population. 1 In the context of this report, a risk indicator can be defined as a parameter that increases the individual's risk of exhibiting apical periodontitis (AP).
2 AP represents inflammation and destruction of the periradicular tissues caused by root canal infection, 3 and is identified as a radiolucency around the root apex or at various levels along the root surface on lateral or furcation areas depending on the portals of exit. 4 Cross sectional studies looking at prevalence and quality of endodontic treatment have often reviewed factors associated with AP.
There are many cross sectional studies published in various countries including Australia (Table 1) but there have not been any longitudinal data published of the periapical and endodontic status in an Australian population. The prevalence of AP in Australian populations has previously been assessed on root filled teeth (RFT) by Punch 5 and Da Silva et al. 6 Longitudinal data may allow reflection on treatment options provided for patients such as endodontic treatment, endodontic retreatment or extraction. Reduction in the total number of teeth over time has been shown in longitudinal studies 7, 8 even though more people are likely to retain their teeth in Western countries. [9] [10] [11] By improving the knowledge base of the endodontic health of the community in question, planning strategies can be implemented to address treatment needs such as training of dentists or dental students or improvement in the accessibility to endodontic treatment for patients.
Therefore, the aims of this study were: (i) to determine the prevalence and technical quality of endodontic treatment and prevalence of AP in patients attending the Royal Dental Hospital of Melbourne (RDHM) by retrospective analysis of orthopantomograms (OPG); and (ii) to describe longitudinal changes in endodontic status and periapical status of the teeth of this sample of patients.
METHODS
Ethical approval for the project was obtained from the University of Melbourne Human Research Ethics Sub-committee (ID: 1340857) and Dental Health Services Victoria (DHSV) Human Research Ethics Committee (ID: 280). The minimum sample size calculated to obtain a population prevalence with good precision was 384. 12 Initially, a random sample of 1000 (25.5%) patients from 3928 new patients presenting to the RDHM with an OPG taken from 1 January 2008 to 31 December 2008 was obtained by using an online random number generator (http://www.random izer.org/). The year 2008 was selected such that the longitudinal data from 1 January 2008 to 31 October 2014 would provide a generous time frame to assess changes in the more recent data. Exclusion criteria were then applied to the random sample as follows: (i) patients under the age of 10 years because of the focus of the study on the permanent dentition; (ii) patients who attended emergency services once only; (iii) patients with missing OPG in their records or missing records; and (iv) patients with OPG of poor quality to the extent that the total number of teeth on the OPG could not be determined.
All patient records were de-identified through the assignment of codes to maintain their anonymity during the study. The film OPG were scanned using an 8-bit greyscale at 600 dpi (Epson Perfection V700 Photo scanner; Seiko Epson, Nagano, Japan) and de-identified prior to saving the images in a portable hard drive. The principal researcher recorded the dates of the scanned OPG and the total number of teeth remaining in the dentition. All teeth were identified and recorded according to FDI notation. An RFT was defined as a tooth with radiopaque material in the root canal extending from the floor of the pulp chamber.
Two endodontists examined the initial OPG taken in 2008 and any subsequent OPG up to 31 October 2014. The endodontists and the principal researcher completed a training process utilizing five OPG for discussion of the eight variables in the proforma (Table 2) prior to the calibration process. Subsequently, there were three time points for the calibration process, which included 10 OPG (of 36 RFT) for each time point. The OPG were viewed on an iMac (Apple, Cupertino, CA, USA) computer screen with Preview (version 8.0; Apple), a digital viewing application. When differences occurred in the recorded results, these were discussed for agreement among the examiners and principal researcher.
After assessing the OPG, the two endodontists recorded the data on the proforma ( Table 2 ). The following criteria were applied to these data:
(i) Tooth number(s) with root filling or AP confirmed through discussion between the two endodontists prior to recording other variables. (ii) Periapical status was recorded according to the periapical index (PAI). 13 A tooth was considered to have AP when the PAI was 3 or more. When scoring a multi-rooted tooth, the rating for the Table 2 . Scores for the eight variables recorded in the proforma for the examiners Periapical status in Australia tooth was recorded as the worst rating scored by any root of that tooth. (iii) For the quality of the root filling, the length and density assessment were based on Bierenkrant et al. 14 An adequate root filling had a length that terminated within 2 mm short of the radiographic apex and the density was homogeneous. Additionally, the length of adequate root fillings was assessed with the stricter length criteria of 0-1 mm short of the radiographic apex.
(iv) The criteria for quality of coronal restoration were modified from Siqueira et al. 15 All clinical and radiographic data were entered into Excel spreadsheets (Microsoft, Redmond, WA, USA).
Statistical analysis
The statistical analyses were carried out using R (http://www.r-project.org/), Minitab (Minitab, State College, PA, USA) and Genstat statistical software (VSN International, Wood Lane, Hemel Hempstead, UK). Inter-examiner reliability was measured with Fleiss' kappa and intra-examiner reliability was measured with Cohen's kappa. The interpretation of kappa was based on Landis and Koch. 16 Generalized linear mixed models (GLMM) were used to examine the effects of the tooth-related variables on the presence of AP, and included the patient as the random effect and the tooth type as the fixed effect in the model. An additional analysis using GLMM considered multiple explanatory variables tested together to assess which of the variables were statistically significant in teeth with gutta-percha (GP) root fillings. P < 0.05 was considered statistically significant.
Longitudinal analysis was based on 71 patients with more than one OPG with data recorded from the first and subsequent OPG. If a patient had more than two OPG, the first and the last were selected. If there was no PAI recorded for a particular tooth in the first OPG, that tooth was presumed to have PAI of 1 or 2 as the examiners were blinded to the details of each OPG. If there was no record for a particular tooth in the subsequent OPG, the principal researcher reviewed the OPG to confirm that it was extracted. The analysis of the longitudinal data was primarily descriptive and assessed whether the previously nonroot filled teeth (PNRFT) or RFT with or without AP had had further treatment.
RESULTS

Calibration
The Fleiss' kappa scores for inter-examiner reliability for PAI, type of root filling, length of root filling, density of root filling, type of coronal restoration, quality of coronal restoration and post were 0.49, 0.87, 0.57, 0.61, 1, 0.85 and 0.73, respectively. The Cohen's kappa scores for intra-examiner agreement for the variables in Table 2 ranged from 0.49 (moderate agreement) to 0.91 (almost perfect agreement). Substantial agreement for PAI and almost perfect agreement were noted for the type and quality of coronal restoration and type of root filling material.
Sample details
Of the 1000 random patient records assessed, 305 were rejected based on the exclusion criteria. Of the remaining 695 patient records, 159 (22.9%) patients had subsequent OPG; 122, 28, eight and one patient had one, two, three and four subsequent OPG, respectively. The patients ranged 10-88 years of age with a mean age of 41 years, and a small majority being females (58.3%). There were 16 936 teeth in the entire sample with a range of 2-32 teeth and mean of 24 teeth per patient. Of the 284 RFT, 272 (95.8%) were obturated with GP, 10 (3.5%) with silver points and two (0.7%) with a paste. Root-end fillings were found in only three (1.1%) RFT and amalgam appeared to be the material used. Posts were present in 80 (29.4%) RFT comprising 56 (20.6%) indirect posts and 24 (8.8%) direct metallic or non-metallic posts; the type of post in one tooth could not be identified.
Endodontic and periapical status
Details of tooth-related variables related to RFT are presented in Table 4 .
Overall, root fillings of adequate technical quality in length and density were seen in only 34.6% of RFT and in only 25.7% with the stricter length criterion.
Logistic regression
In the GLMM logistic regression models for each and multiple tooth-related variables, there was a significantly higher chance of AP for teeth with root fillings beyond the radiographic apex compared with root fillings that were adequate (P = 0.002) or more than 2 mm short of radiographic apex (P = 0.02).
Longitudinal analysis of endodontic and periapical status
Details of these data are presented in Table 5 . The subsequent OPG were taken from 1.4 months to 5.7 years after the first with an average time of 2 years. There were 147 teeth, 62 RFT and 85 PNRFT that had either developed AP, been root filled or had been extracted. An example of a patient with three OPG reviewed from 2009 to 2013 in the RDHM is shown in Figs. 1-3 . Of the 31 PNRFT that had no AP (PAI 1 or 2) in the first OPG, 21 (67.7%) teeth developed AP (PAI 3-5) and the other 11 (35.5%) teeth were root filled subsequently. Of these 21 teeth, the coronal restorations were adequate in 12 (57.1%) teeth and two (9.5%) were subsequently extracted. Of the 11 teeth that were root filled, six (54.5%) had adequate root fillings and nine (81.8%) had adequate coronal restorations.
Of the 54 PNRFT with AP (PAI 3-5), 21 (38.9%) had no coronal restoration, six (11.1%) had no AP in the subsequent OPG and 25 (46%) remained unchanged. Of the 21 teeth with no coronal restoration, only one (4.8%) had no AP in the subsequent OPG and it was subsequently root filled and restored. Of the six teeth with no AP subsequently, five (83.3%) had endodontic treatment, with adequate root fillings in three (60%) teeth and adequate coronal restorations in four (80%) teeth. There were 23 (43%) PNRFT with AP that were extracted; seven (30.4%) were second permanent molars, 11 (47.8%) teeth had no coronal restorations and four (17.4%) teeth had inadequate restorations.
Of the 38 RFT with no AP in the first OPG, the only tooth that developed AP in the subsequent OPG was the only one without a coronal restoration. Of these 38 teeth, 15 (39.5%) had adequate root fillings and 32 (84.2%) had adequate coronal restorations. Of the 24 RFT with AP, four (16.7%) teeth had no AP in the subsequent OPG, 12 (50%) remained unchanged, six (25%) had adequate root fillings, 23 (95.8%) were restored and 17 (70.8%) teeth had adequate restorations. Of the eight (33%) teeth that were extracted in the subsequent OPG, two (25%) were second permanent molars.
DISCUSSION
A limitation of this study was the selection of patients from a dental hospital, which does not provide a prevalence of endodontic treatment or AP in the wider community but does reflect endodontic status in the public sector. The initial random sample of 1000 patient records represented a good proportion from which to obtain the sample. The 695 patient records available for the study was much higher than the minimum 384 required for statistical significance. 12 Hence, the results can be considered representative of the sample population. Several studies have excluded emergency patients. [17] [18] [19] [20] Similarly, emergency patients were not included in this study because they may not be representative of the general hospital patient population because both private fee-paying patients and health *Of the 284 root filled teeth, the data for 272 teeth filled with GP are presented. AP = apical periodontitis; GP = gutta-percha; Rx apex = radiographic apex.
care card holders can present for management of acute conditions. Several cross sectional studies have used the PAI with panoramic radiographs because of the convenience of obtaining OPG and the validity of using OPG for diagnosis of periapical pathosis in research. 6, [21] [22] [23] Similarly, the present study was based on OPG because panoramic radiographs are routinely taken in the RDHM and are widely used by dentists for general screening, 6, 24, 25 whereas full-mouth surveys are not routinely taken for patients in Australia. 5, 6 Importantly, good agreement has been found between panoramic and periapical radiographs for single-rooted and multi-rooted teeth in the detection of periapical pathosis using OPG compared with fullmouth periapical radiographs. [26] [27] [28] The present study evaluated eight variables on the OPG with three observers to determine the intra-examiner and interexaminer agreement scores, a method which has previously not been published.
The prevalence of RFT has been reported to range 1.3-22.2% internationally (Table 1 ). Punch 5 reported that the prevalence of RFT in the RDHM was 2.4% of 5216 teeth (in 204 patients) whereas Da Silva et al. 6 reported a higher prevalence of RFT of 8.8% of 5647 teeth (in 243 patients) in the Sydney Dental Hospital. In comparison, the present study had a low prevalence of RFT of 1.7%. Similarly, the prevalence of teeth with AP in this study was low (1.9%) compared with the range (0.5-13.6%) reported internationally ( Table 1 ). The differences between the present study and the other Australian studies may be explained by the sampling method and sample size. Punch 5 selected full-mouth surveys of 204 patients in the RDHM prior to periodontal or prosthodontic treatment, whereas Da Silva et al. 6 selected OPG from 243 patients with at least one RFT and neither study obtained random samples. The present study reported 41.5% of RFT with AP, which was comparable with De Moor et al. (40.4%) , 29 Dugas et al. (45.4%), 30 Kabak and Abbott (45.2%), 20 Tsuneishi et al. (40%), 31 and Skuduytyte-Rysstad and Eriksen (42.6%). 32 The technical quality of root fillings in the endodontic literature has been assessed with different criteria internationally. Most retrospective studies assessing technical quality of root fillings have only looked at length and density. 6, 17, 19, 22, [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] The type of radiography may impact on the criteria used for assessment of root fillings with more extensive criteria usually based on periapical radiographs rather than panoramic radiographs. The present study had a higher frequency (34.6%) of RFT with adequate root fillings compared with Da Silva et al. 6 and Punch, 5 reporting 29.1% and 23.4%, respectively. The different results may be explained by the differences in study methodology such as sample sizes and sampling method. When comparing the prevalence figures between cross sectional studies, the heterogeneity in the methodology should be taken into consideration such as the selection criteria, definition of an RFT and the type of radiographs used in the studies. Whether the difference here reflects a trend of improving technical standard is impossible to confirm without a more detailed history of the teeth in question.
The present study found that the length of the root filling (overextension versus adequate and short of radiographic apex) was significantly associated with AP, which agreed with other authors. 5, 6, 20 Prospective cohort studies and a meta-analysis have also reported a reduced treatment outcome with root fillings placed beyond the apical foramen or radiographic apex. [46] [47] [48] However, it is important to note that these studies did not distinguish between overfilled or overextended root fillings. 49 The density of root fillings in this study was not found to be significantly associated with AP. This was in agreement with some studies 5, 21, 33, 34 and in contrast with other studies.
6,30,50-56 The contradictory results can be explained by the different criteria used in assessment of density, which includes the uniformity (homogeneity) of the root filling itself and/or the adaptation of the root filling to the root canal wall. Furthermore, there is a limitation in assessing the density of the root filling by the two-dimensional image of the dental radiograph, which does not reflect on the true homogeneity of the root filling in all planes. 58 but much higher than Punch (39.5%). 5 However, the present study found that both the type and the quality of the coronal restoration were not significantly associated with AP. The combination of both the technical quality of the root filling (length and density) and coronal restoration in this study did not have a significant association with AP. There is conflicting evidence in cross sectional studies 35, 59 stating that the quality of the coronal restoration was more important than quality of root filling, while other studies 15, 19, 30, 57, 58 had the opposite finding. Hommez et al. 52 found that the quality of the coronal restoration and root filling were of equal importance in relation to periapical status. There are multiple prognostic factors in prospective studies 47, 48, 55 associated with endodontic treatment outcome and it seems overly simplistic to compare one variable over another, especially in cross sectional studies. Furthermore, the sole use of radiographs to determine the quality of the coronal restoration is an obvious limitation as a weak correlation had been shown between radiographic and clinical evaluation of the coronal restorations. 30, 52 A limitation of the longitudinal arm of this study was the relatively small sample size of teeth to review changes. Nevertheless, of the PNRFT with no AP that developed periapical disease, there were inadequate restorations in nearly half of these teeth and a minority were subsequently root filled or extracted. It was possible these patients had poor general oral health and limited access to endodontic treatment. Of the PNRFT that were root filled subsequently, the quality of root fillings and coronal restorations of these teeth was of a higher standard than reported in the cross sectional results, which speculatively might have been due to the treatment having been performed in a teaching hospital.
A significant proportion (42.6%) of PNRFT with AP were extracted subsequently, which is of concern. Extraction might have been selected as a treatment modality for teeth with poor or hopeless structural or periodontal prognoses or for reasons of strategic importance (29% were second permanent molars). Further, access to root canal treatment may be limited in a public health setting for patients due to waiting lists, limited scope of services provided and co-payments. 60 Importantly, that 46% of teeth showed unchanged PAI for periods up to 5.7 years indicates that the degree of urgency of treatment based just on PAI may be low and that other factors such as caries, or restoration quality or breakdown may intervene.
The majority (97.4%) of RFT with no AP remained without periapical disease in the subsequent OPG, which may be due to the reasonable proportion of teeth with adequate root fillings and the high proportion of these teeth with adequate restorations. As with the RFT with AP, the proportion of teeth with unchanged PAI (50%) was high, which tends to support the conclusion of relative non-urgency in the absence of caries or restoration breakdown, but the small sample size (12 teeth) does not permit a definitive conclusion. Collectively, 37 (47%) teeth of all 78 with AP remained unchanged in subsequent OPG. This finding may imply stability in a closed microbiologic system and requires further investigation.
The longitudinal results indicate that patients seen at the RDHM may be impacted upon by their access to dental care. The average waiting time for general dental care from July to September 2015 in Victoria was 11.8 months and for prosthodontics, endodontics and orthodontics specialist services during the same period of time at the RDHM was 12.2 months. 61 New patients attending the hospital generally have poor oral health and without prompt appropriate treatment for teeth with caries or inadequate restorations or root fillings, periapical disease can develop. In future, a retrospective cohort study with a larger sample size describing the longitudinal changes in the periapical and endodontic status of teeth in patients attending the dental hospital can be considered.
CONCLUSIONS
There was a low prevalence of RFT or AP in this study compared with international studies, which could be related to the study methodology. The frequency of adequate root fillings in the present study was higher compared with previous studies in Australia, but still must be considered unacceptably low. The longitudinal data allowed some trends to be noted with PNRFT and RFT, especially in relation to the life course of asymptomatic AP. Hospital policy-makers should consider strategies to improve the access for general dental treatment and review the standard of treatment provided, such that the general oral health of patients in the public sector can be improved.
